Purpose: The aim of this study was to analyze the anatomical dimensions of the buccal bone walls of the aesthetic maxillary region for immediate implant placement, based upon cone-beam computed tomography (CBCT) scans in a sample of adult patients. Methods: Two calibrated examiners analyzed a sample of 50 CBCT scans, performing morphometric analyses of both incisors and canines on the left and right sides. Subsequently, in the sagittal view, a line was traced through the major axis of the selected tooth. Then, a second line (E) was traced from the buccal to the palatal wall at the level of the observed bone ridges. The heights of the buccal and palatal bone ridges were determined at the major axis of the tooth. The buccal bone thickness was measured across five lines. The first was at the level of line E. The second was at the most apical point of the tooth, and the other three lines were equidistant between the apical and the cervical lines, and parallel to them. Statistical analysis was performed with a significance level of P ≤ 0.05 for the bone thickness means and standard deviations per tooth and patient for the five lines at varying depths.
INTRODUCTION
The rehabilitation of the maxillary anterior region with implant-supported prostheses has been reported to be a difficult procedure because of the high aesthetic expectations of patients [1, 2] . Soft tissue defects associated with volumetric changes in the alveolar ridge can be unfavorable for both aesthetics and implant placement [3] .
A crucial factor during the planning of implant treatment is the loss of bone tissue, which may interfere with the implant placement [4] . Following tooth extraction, the alveolar bone is subjected to a high degree of resorption, which is directly associated with the buccal wall thickness [5, 6] . Therefore, efforts must be made to preserve bone and soft tissues using minimally invasive surgical techniques in accordance with clinical conditions This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0/). dx.doi.org/10.5051/jpis.2015.45. 5.162 www.jpis.org 163 and the results of complementary exams [7] . Beltrán et al. [8] reported that the success or failure of implant treatment is frequently related to factors specific to each patient. From this perspective, the thickness of the buccal bone wall in the maxillary anterior region of each patient is of great importance for implant positioning during treatment planning [6, 9] .
The dimensions of the buccal bone wall have gained importance in the past few years with the use of immediate implants [10] . The most frequently used methods to measure buccal bone thickness are the use of calipers [10] [11] [12] and CBCT scans to compare variations among subjects according to gender, age and tooth type, among other variables [13, 14] .
Cone-beam computed tomography (CBCT) scans have been widely used in the dental field due to advantages that include low radiation dose, low cost, and the ability to view a detailed three-dimensional image of the regions of interest [15, 16] . Alqerban et al. [17] added that CBCT (3D) is more sensitive than the conventional X-ray (2D) both for locating dental structures and for identifying sites of initial resorption. CBCT scans may help in the guidance of treatment planning for the maxillary aesthetic region; specifically, for implant placement, it can contribute to the evaluation of some possible preor post-surgical soft or hard tissue complications [14] . Similarly, Vera et al. [18] reported that the presence/absence and thickness of the buccal bone wall may be discerned with a CBCT scan of the interest region, and the tissue biotypes may be taken into consideration for the long-term success of implant treatment.
Huynh-Ba et al. [10] noted that limited information is available about the thickness of the buccal bone wall in the aesthetic zone of humans. Thus, the aim of this study was to analyze the anatomical dimensions of the buccal bone wall of the aesthetic maxillary region for immediate implant placement, based on CBCT scans in a sample of adult patients.
MATERIALS AND METHODS
A cross-sectional descriptive study was conducted on 50 CBCT scans from a database available at the Radiology Unit, Dental School, Universidad de La Frontera (UFRO), Temuco, Chile. This study was approved by the UFRO Scientific Ethics Committee (Protocol no. 72/2013).
A convenience sampling procedure was performed, which included 50 CBCT scans, 100 right and left central and lateral incisors, and canines, taken with a 120 × 90 mm window during the period between January and June 2014, which fulfilled the following inclusion criteria: subjects of both genders, between 15 and 60 years old, Chilean nationality, and the presence of all maxillary central front teeth. Exclusion criteria were as follows: individuals with prostheses, the presence of inflammatory processes at the apical level, tooth misalignment, the presence of restorations, root canal treatment, CBCT with distorted images of the cementoenamel junction (CEJ) or bone crest, and cases with buccal bone loss greater than or equal to 3 mm from the CEJ.
Image acquisition and measurements
All 3D images were acquired from a PAX Zenith 3D orthopantomograph (Vatech Co., Suwon, Korea). The data were exported in DICOM format to the EZ3D2009 software (E-WOO Technology Co. Ltd., Yongin, Korea), and the reconstructions were generated with 1-mm thickness slices at 1 mm intervals.
Two calibrated examiners performed the morphometric analyses, proceeding according to the following sequence: central incisor (CI), lateral incisor (LI) and canine (C) on the right side and then the left side. Subsequently, in an axial view, the cursor was positioned over the center of the root canal, over the tooth to be measured. In a sagittal view, a vertical line was traced through the major axis of the selected tooth as a reference. Then, a horizontal line (E) was traced from the buccal to palatal wall at the level of the bone ridges. According to these two lines, the height of the buccal and palatal bone ridges was determined, classified as follows: 1: higher vestibular height; 2: higher palatal height; 3: equal height of both ridges.
After this, the buccal bone thickness was measured through five lines perpendicular to the major axis ( Figure 1 ). The first line was located at the level of both bone crests (E). The second line (A) was located in the most apical portion of the tooth parallel to line E. Then, Figure 1 . Analyses of buccal bone wall thicknesses in a sagittal cut of a CBCT scan at the labelled parallel lines. Line A1-A2 was located in the most apical tooth portion; Line E1-E2 was located at the level of both bone crests; Lines B, C, and D were distributed equidistantly and parallel to each other in the space between lines A1-A2 and E1-E2. www.jpis.org the space between the lines A and E was divided equidistantly by three more parallel lines (B, C, D). The five measurement lines are labeled A1-A2, B1-B2, C1-C2, D1-D2, and E1-E2 in Figure 1 . Determining the buccal bone wall thickness of each tooth at five different heights provided a more accurate description of the region to be analyzed. To achieve a more detailed description of the buccal wall region, an analysis of potential significant correlations with study variables, including gender, side and age range, was performed.
Statistical analysis
For the statistical analysis, the average values obtained from the two examiners were used, and the software SPSS Statistics for Windows version 20.0 (IBM Corp., Armonk, NY, USA) was used for all analyses with a significance level of P < 0.05. The bone thickness mean and standard deviation per tooth and patient was recorded based on the five lines at varying depths. Normality tests were performed using the Kolmogorov-Smirnov test. For the inferential analysis, the Student's t-test was used for independent samples, and ANOVA was used for samples related to the continuous quantitative variables. Confidence intervals were calculated at 95%, and Fisher's exact test was used for the qualitative variables.
RESULTS
The means of the buccal wall thicknesses in the central incisors, lateral incisors and canines were 1.14 ± 0.65 mm, 0.95 ± 0.67 mm and 1.15 ± 0.68 mm, respectively. The means and standard deviations of the buccal bone thicknesses of each tooth at each line measurement are summarized in Table 1 . At the central incisors, 42.4% of sites had a buccal wall thickness < 1 mm, while 43% showed a thickness between 1 and 2 mm and 14.4% higher than 2 mm. At the lateral incisors, 57% had a buccal wall thickness < 1 mm, 36.8% of sites were between 1 and 2 mm, and 6.2% exhibited a thickness of 2 mm or more. At the canines, 41.8% of sites showed a thickness less than 1 mm, with 49.2% between 1 and 2 mm and 9% at a thickness of 2 mm or more.
The results of bone buccal wall thickness by age and side are identified in Figure 2 . Additionally, significant differences were found on the left side between the measurements of the lines from the CI (P=0.016), LI (P=0.012), and C (P=0.045) in the three age ranges.
The differences in buccal bone wall thicknesses according to gender and side are summarized in Figure 3 . As may be observed, significant differences were exhibited associated with the lines C (P = 0.024), D (P = 0.03), and E (P = 0.00) of the left CI as well as in relationship to line B (P = 0.013) on the left C.
For the height of both bone ridges by gender and tooth ( Figure  4 ), only two cases showed a greater buccal wall value when compared to the palatal plate. They were observed at the canine level in both genders. A greater palatal wall value was identified at the central incisors and canines, with both cases of the male gender. No significant differences were found related to ridge height by gender and tooth.
For the variables age and tooth and their relationships with both ridge heights (Figure 5 ), the buccal wall was the highest in three cas- es in the 15-to 30-year age range and one in the 46-to 60-year age range. A clear tendency towards the palatal wall being the highest was noticed for all three teeth in all age ranges, except for the lateral incisors in the sample between 46-60 years old. Furthermore, no differences were observed between the wall heights by age or tooth.
DISCUSSION
In the present study, the thickness of the buccal bone in the maxillary aesthetic region was determined through CBCT scans. To achieve an appropriate choice of post-extraction treatment, an 
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analysis of the alveolar bone dimensions through CBCT scanning, at the region of the tooth to be extracted, may offer valuable information regarding bone volume and the morphology of the future implant site [19] . Following tooth extraction, the alveolar bone suffers resorption in width and height during the first few months [5, 20, 21] , with a reduction in almost 50% of cases [22] . An additional 2 mm from the original socket dimension may resorb during the socket healing process [13] . Thus, the degree and resorption pattern of the buccal bone wall is directly related to the thickness of this plate [5, 21, 23, 24] . This resorption process may be explained because the marginal portion of the buccal wall contains proportionally higher amounts of bundle bone than the palatal wall [21] .
This study describes mean buccal wall thicknesses observed in a sample of Chilean patients, for both incisors and canines, ranging from 0.95 to 1.15 mm, which are worth comparing with some values reported in the literature. Lee et al. [15] analyzed CBCT scans from 20 individuals, identifying the mean buccal wall thickness at 3 mm from the CEJ of 0.68 mm, 0.76 mm, and 1.07 mm, for the central incisors, lateral incisors, and canines, respectively. Januário et al. [13] studied 250 CBCT scans, reporting the mean of the buccal plate, which varied from 0.5 to 0.7 mm. Ghassemian et al. [25] examined 66 CBCT scans, reporting values of the buccal bone plate that varied from 1.59 to 1.73 mm for the lateral incisors and 1.47 to 1.6 mm for the canines. These values varied greatly compared with the values found in this study.
Nevertheless, some measurements agree with those of other authors. Nowzari et al. [14] , after the assessment of 101 CBCT scans, noted a mean value of 1.12 mm for the central incisors at 3 mm below the alveolar ridge, similar to our study. Han et al. [12] evaluated five Korean human cadavers, reporting similar values for buccal plate thicknesses from the lateral incisor region (0.98 mm), but lower values for the central incisors (0.82 mm) and canines (0.72 mm).
On the other hand, there is a consensus among clinicians that a minimum thickness of 2 mm for the buccal plate is an important feature for the maintenance of the vertical dimension of the alveolar crest [10, 26] , determining the amount of vertical crestal resorption following tooth extraction. In this sense, this minimum dimension is necessary for the optimal healing of soft and hard tissues in cases of immediate implants placed in the aesthetic region [16, 19, 23, 25, 27, 28] . A thin buccal wall ≤ 2 mm may be evidenced in the presence of fenestrations, dehiscences and gingival recession [16, 25] . Han et al. [12] added that the buccal bone thickness is more critical in cases of flapless surgery, and Younes et al. [29] concluded in their research that there is a moderately positive correlation between the buccal bone thickness and soft tissue. Thus, considering the buccal wall thickness with great caution before tooth extraction and immediate implant placement is necessary due to the aesthetic impact and long-term consequences.
A high prevalence of a buccal bone thickness ≥ 2 mm was noted in the central incisors (14.4%), lateral incisors (6.2%) and canines (9%) compared with the reported literature. These thickness values were observed generally at the A point, that is, at the most apical point relative to the root. A previous multicenter research study recorded the buccal bone width in 93 extraction sites, and it found that 87.2% of sites measured had a thickness ≤ 1 mm and only 2.6% showed a thickness over 2 mm [10] . Another recent study concluded there was a low prevalence of buccal wall thicknesses ≥ 2 mm, reporting 0% for central incisors, 8% for lateral incisors and 2% for canines [29] . Likewise, the research of Nowzari et al. [14] described buccal thicknesses over 2 mm at prevalences of 0%, 1.5%, 2%, 3%, and 2.5% at 1, 2, 3, 4, and 5 mm from the CEJ, respectively, while Januário et al. [13] found only one case with buccal bone thickness ≥ 2 mm in 250 CBTC scans. However, Ghassemian et al. [25] identified a range that varied from 0% to 28.8%, observing buccal walls over 2 mm with more frequency at 3 mm from the bone crest and with a prevalence higher than 20% in the lateral incisors, which is greater than that reported here. Generally, the occurrence of buccal bone thicknesses ≥ 2 mm increased as the measurement depth increased, concurring with the findings of other researchers [12, 14, 15] . However, in most cases, the thickness of the buccal bone wall of the anterior teeth was very thin, which is in accordance with some authors [12, 30] .
By age, significant differences were found in some measurements of buccal bone thickness in all analyzed teeth, only on the left side, which does not correspond with reports by some authors [13, 14] , who found no differences between the age ranges. In addition, gender is clearly stated in the literature to be a factor that should show no significant differences in buccal wall thickness measurements [14, 25, 31] , but in the present study some significant differences were identified according to gender in a few regions on the left side, mainly at the central incisor. Age and gender differences were not significant for the comparison of heights between the palatal and buccal plates. In a few cases, the buccal wall was of greater height than the palatal wall.
Over the past few years, the buccal wall thickness has gained significance, mainly as a result of its importance for the immediate placement of implants [10] . A multilevel study concluded that thicknesses of the buccal and palatal wall over 1 mm exhibited more bone fill in the gap between the implant surface and the socket plate than did thin ( ≤ 1 mm) walls [23] . Thus, in cases with thin buccal bone walls, clinicians must consider the use of bone grafts to reduce the resorption of the buccal plate, without compromising the aesthetic results and the three-dimensional position of the implant [15] .
A potential limitation of this study was the standardization of the distance of the CEJ to the bone crest as always under 3 mm. However, some studies [14, 18, 25] have assessed the distance from the CEJ to the bone crest, describing values between 2.5 and 2.8 mm. This is why CBCT scans that showed distances greater or equal to 3 mm from the CEJ were excluded in this study, as they could represent a pathological condition of buccal bone wall loss. Additionally, the thickness of the palatal wall and the presence of dehiscence and fenestrations were not measured because they were beyond the aim of the study.
The present study provides valuable data on buccal wall thicknesses of the aesthetic maxillary region in a Chilean population, to understand how critical this thickness may be for aesthetically pleasing long-term results. The immediate placement of implants without the actual guidelines of gap fill with a bone graft is not recommended. However, further studies with a larger sample size are necessary to compare CBCT scan measurements with fresh extraction sockets in the same patients, to determine the buccal wall bone thickness more accurately.
In conclusion, less than 10% of sites showed an ideal condition of a thickness of more than 2 mm of the buccal bone wall, with the exception of the central incisor region, wherein 14.4% of cases had a thickness ≥ 2 mm. In fact, this study highlighted the great predominance of thin buccal bone thickness in the aesthetic maxillary region of the sample studied.
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